Concurrent chemoradiotherapy plays a vital role in the treatment of locally advanced squamous cell carcinoma of the oropharynx (LA-OPC). Importantly, only 50-85% of patients undergoing this treatment are able to complete their prescribed chemotherapy courses due to treatment-associated morbidity. The significance of chemotherapy completion, or lack thereof, remains unknown in this setting. To further investigate if chemotherapy non-completion affects patient outcomes, a single institutional retrospective study was undertaken analyzing 73 patients undergoing definitive radiation for LA-OPC and revealed a near-significant trend toward improved overall survival on multivariable analysis (p=0.053) in those completing chemotherapy. We are presently providing a commentary on this manuscript in an attempt to provide context and further interpretation of the presented results as well as suggest areas in need of additional investigation.
Treatment options for locally advanced squamous cell carcinoma of the oropharynx (LA-OPC) consistently includes radiation therapy either in an adjuvant or definitive setting [1] [2] . When used definitively, clinical trials have demonstrated that the addition of concurrent systemic therapy confers a significant advantage in patient outcomes; improving local control, disease-free survival, and overall survival [3] [4] [5] [6] [7] [8] [9] . This concurrent therapy often consists of high-dose cisplatin (100 mg/m²) delivered every 3 weeks for a total of 3 doses provided over the course of the radiation treatment, but low dose cisplatin consisting of weekly doses of 30-40 mg/m²or daily doses of 6 mg/m 2 , carboplatin, or cetuximab can be substituted in patients who will not tolerate high-dose cisplatin [10] [11] [12] [13] . Importantly, utilization of systemic therapy concurrent with definitive radiation treatment results in a significant increase in acute treatment-associated morbidity, leading to increased marrow suppression, nausea, fatigue, and mucositis [14] [15] [16] . The treatmentassociated mucositis, particularly, often causes considerable pain leading patients to require high-dose narcotics as well as suffer from poor oral intake and consequent malnutrition. Unfortunately, for between 15-50% of patients, these acute toxicities prevent completion of their chemotherapy regimens [17] [18] [19] [20] .
The lack of chemotherapy completion in the setting of definitive concurrent chemoradiotherapy for LA-OPC remains of unknown significance. Generally, based on the results of RTOG 0129, most physicians believe that patients completing at least 2 of the planned 3 cycles of high-dose cisplatin is sufficient. This trial, comparing hypofractionated versus conventionally fractionated radiation regimens concurrent with 2 or 3 cycles of highdose cisplatin, respectively showed no significant difference in outcomes between these treatment groups nor was there a significant difference in outcomes in patients receiving 2 versus 3 cycles of concurrent cisplatin in the conventionally fractionated arm (though those receiving 1 cycle did significantly worse) [21] [22] . Importantly, however, the patient cohort receiving only 2 of their planned 3 cycles of cisplatin contained only 86 patients, and though not statistically significant, those who received all 3 cycles of chemotherapy had a trend towards improved overall survival when compared to those completing only 2 cycles. Additionally, recent meta-analysis has indicated that overall survival is directly associated with increased cumulative dose of cisplatin received in non-nasopharyngeal squamous cell carcinoma of the head and neck 23 . With the lack of a clear association between chemotherapy completion and treatment outcomes in LA-OPC patients undergoing definitive concurrent chemoradiotherapy, our group attempted to shed more light on this topic through a retrospective study 24 .
In total, we retrospectively analyzed the records of 73 patients undergoing definitive radiation therapy with concurrent systemic agents at out institution from 2007-2014. In our population, most patients were male (87.7%), had an ECOG performance status of 0-1 (90.4%), were HPV positive/HPV unknown (63.0%/26.0%), and had locally advanced disease due to nodal involvement as opposed to local tumor invasion (54.8%). Most patients (97.3%) completed all prescribed radiation therapy. Systemic therapy was not limited to high-dose cisplatin only but rather additionally included patients who received weekly cetuximab (20.5% of the included patients) and weekly cisplatin (2.7% of the included patients). At a median follow-up of 3.4 years, completion of systemic therapy did not seem to affect rates of locoregional failure (p=0.93) though did show a trend toward improving distant failure rates by 13.0% (20.0% vs 7.0%, p=0.12) and overall survival by 18.8% (82.1% vs 63.3%, p=0.08). Due to incomplete records, we were not able to calculate cumulative doses and perform a stratified analysis similar to the previous work of Strojan et al. 23 On multivariate analysis, the trend toward improved overall survival with systemic therapy completion was more apparent still (Hazard Ratio = 0.388; p=0.053) 24 .
Accounting for the low patient numbers included in our analysis and consistency with results from RTOG 0129, the near-significant trend toward improved outcomes, particularly improved overall survival, with systemic therapy completion is interesting. Further, the remarkable reduction in hazard for death (0.39) with systemic therapy completion revealed in our study increases the likelihood that this trend, if true, may be of high clinical significance. Further, though past data has only hinted at this trend of improved outcomes being present in the context of concurrent high-dose cisplatin, our study suggests that it may indeed be true across all concurrent systemic therapy regimens in patients treated with definitive radiation therapy for LA-OPC.
We postulate that the near-significant trend toward improved survival in patients who complete systemic therapy may be due to the observed trend toward increased distant relapse in non-completers. This suggests that completion of systemic therapy may be more important for eradicating microscopic distant metastatic disease as opposed to improving radiosensitization, particularly as systemic therapy completion had no effect on locoregional control. Alternatively, however, it is possible that the observed effect of systemic therapy non-completion decreasing overall survival is confounded by patient comorbidities resulting in both poor tolerance to systemic therapy and increased risk of death. Unfortunately, due to study design, we were unable to fully account for this possibility.
With the obvious pitfalls associated with the retrospective design and limited patient number included in our study, we believe that our results warrant further study using either a larger, multi-institutional retrospective database or through further subgroup analyses of prospective clinical trials. If undertaken in a de novo prospective setting, we would suggest inclusion of not only total cumulative doses of systemic agents administered but also various pharmacokinetic parameters such as blood levels and elimination kinetics which may better elucidate how much, how often, and how long we should administer the respective systemic agents to achieve an optimal balance of improved tumor response and reduced toxicity. Furthermore, parameters of immunotherapy or other established treatments administered should similarly be investigated so that we have a fuller understanding of both the complete drug regimens and individual therapies. For example, 5/15 patients receiving cetuximab in our study discontinued use because of side effects. However, the nature and severity of these complications remain unclear due to incomplete records. Thus a prospective study describing the rate and degree of severity of adverse events would be of great utility in guiding clinical decision making. Also of importance, any further study of this nature must also be contextualized on the pre-existing comorbidities, specific cause of systemic therapy cessation, and cause of death for the included patients to allow confounders to be better accounted for and thus determine if any associated trend is causative or only correlative. Further, as our study is the first to our knowledge to investigate the effects of systemic therapy completion including non-highdose cisplatin regimens in oropharyngeal cancers, others have published similar studies investigating cumulative chemotherapy dose delivered and various alternative chemotherapy regimens in head and neck cancers 13, 23, 25 . As such, a more robust investigation is warranted regarding systemic therapy completion in LA-OPC patients undergoing alternative systemic therapy regimens including weekly cisplatin or cetuximab.
